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This is an open access article under the CEDITOR’S CHOICEDistal Radial Fracture Management With an
Intramedullary Cage and Fragment Fixation
Michael K. Strassmair, MD,* Michael Jonas, MD,† Walter Schäfer, MD,‡ Andrew Palmer, MD§Purpose To examine the outcomes associated with the treatment of distal radial fractures with
an expandable intramedullary cage and fragment-speciﬁc screw ﬁxation.
Methods A prospective multicenter case series of 100 patients with a fracture of the distal
radius treated with the “Cage System” was undertaken. Primary patient outcomes included
Disabilities of the Arm, Shoulder, and Hand, Patient-Related Wrist/Hand Evaluation ques-
tionnaires, and adverse events associated with the device. Secondary outcomes included wrist
range of motion and radiographic ﬁndings.
Results Follow-up was performed at intervals of 2 weeks, 4 to 6 weeks, 12 weeks, and 1 year.
Ninety-one patients were available for follow-up at 2 weeks, 87 at 4 to 6 weeks, 73 at 3 months,
and 61 at 12 months. The mean Disabilities of the Arm, Shoulder, and Hand score at 3 months
was 21; at 12 months, it was 9. The mean total Patient-ReportedWrist/Hand Evaluation score at
3 months was 21; at 12 months, it was 11. There were 5 adverse events (5%)—2 involving
radial nerve irritation and 3 involving tendon irritation from screws. Four of these 5 patients
underwent surgical intervention, a neurolysis in 1 patient and removal of screws in 3. All
patients were free of adverse-event symptoms at 3 months’ follow-up. Wrist range of motion
improved most rapidly in the ﬁrst 12 weeks following surgery and continued to improve
throughout follow-up. The fracture reduction achieved at surgery was maintained throughout
the healing process. There was evidence of callus formation at the fracture as early as 2 weeks
after surgery with 100% of fractures healed at 3 months.
Conclusions An expandable intramedullary cage with fragment-speciﬁc screw ﬁxation provides
maintenance of fracture reduction with a low complication rate. (J Hand Surg Am.
2016;41(8):833e840. Copyright  2016 The Authors. Published by Elsevier Inc on behalf of
the American Society for Surgery of the Hand. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).)
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C BY-NC-NDF RACTURES OF THE DISTAL RADIUS ARE one of themost common fractures seen in the upper ex-tremity, especially in the elderly with a reported
incidence of 195.2 per 100,000.1e4 Although app-
roximately 60% of distal radius fractures are
managed nonsurgically, an increasing trend toward
surgical management has been reported as different
and improved methods of internal ﬁxation including
dorsal plating, nail plate ﬁxation, fragment speciﬁc
ﬁxation, and volar locked plating have become
available.5e7 The introduction of volar locked platingon behalf of the American Society for Surgery of the Hand.
license (http://creativecommons.org/licenses/by-nc-nd/4.0/). r 833
834 INTRAMEDULLARY FRACTURE FIXATIONin the early 2000s represented a major innovation in
the surgical repair of distal radius fractures.8 Today,
volar locking plates are used to treat the majority
of surgically managed distal radial fractures.8 Most
existing procedures are relatively invasive, and
hardware-related complications including tendon irri-
tation and/or rupture, hardware failure, neurological
injury, loss of reduction, delayed or nonunion, and
infection are relatively common to all procedures
(16%e27%).9e13 Therefore, the need still exists for a
surgical solution that minimizes soft tissue trauma
and hardware-related complications, addresses a broad
range of fracture patterns, and promotes rapid return
to function. The objective of this study was to assess
the functional and radiographic outcomes for a series
of patients treated with an expandable metallic implant
that is deployed into the medullary canal of the distal
radius providing a scaffold to which bone fragments
can be stabilized using fragment speciﬁc screws.MATERIALS AND METHODS
A multicenter nonsequential study was undertaken at
multiple health centers in Germany after the study
protocol was approved by the Ethics Committee in
each participating center. The protocol conformed to
the ethical guidelines of the 1975 Declaration of
Helsinki. Required exclusion criteria for this study, in
accordance with Conformité Européene marked
product labeling, included mental illness, alcoholism,
foreign body sensitivity, AO class C3 fractures, and
open growth plates.
Participating centers were provided ﬁnancial com-
pensation by the implant manufacturer for completion
of required study follow-up only. No payments were
made to physicians or patients.
Follow-up comprising completion of the Disabilities
of the Arm, Shoulder, and Hand (DASH) and Patient-
Related Wrist/Hand Evaluation (PRWHE) forms, mea-
surement of range ofmotion, and assessment for adverse
eventswasperformedat 2weeks, 4 to6weeks, 12weeks,
and 1 year by the principal investigators (M.S., M.J., and
W.S.), subinvestigators, and/or site coordinators. Of the
100 patients initially admitted to the study, 91 patients
were available for follow-up at 2 weeks, 87 at 4 to 6
weeks, 73 at 12 weeks, and 61 at 1 year.
Patients were lost to follow-up for a number of
reasons including voluntary withdrawal by 26 in-
dividuals because they were satisﬁed with the results
from their surgery and they, therefore, requested to
not have to return for additional follow-up. Seven
patients were lost from 1 site because the principal
investigator changed practice location. Six patients, atJ Hand Surg Am. r Vmultiple sites, were excluded because they missed
follow-up appointments.
X-rays were obtained before surgery, immediately
after surgery, and at intervals up to 1 year. Follow-up
x-rays were available on 63 patients at 12 weeks and
48 patients at 1 year. X-rays were taken in compli-
ance with each site’s standard of care, which meant,
in many instances, x-rays were not allowed after the
fracture was judged to be healed out of concern for
unnecessary radiation exposure to the patient. X-rays,
when available, were evaluated in ﬁnal follow-up by
a board certiﬁed orthopedic hand surgeon (A.P.) in
regards to radial inclination, volar tilt, ulnar variance,
coronal shift, and evidence of fracture healing.
Fracture union was judged to be present if osseous
bridging across the fracture site was seen in 2 of 3
views as recommended by Rosental et al.14
Surgical technique
All surgical procedures were performed through a
standard radial approach. After a reduction of the
fracture was obtained by the surgeon, using either
closed or open methods and held in place via longi-
tudinal ﬁnger trap traction or axially placed K-wires,
the technique and instrumentation unique to the Cage
Distal Radius System (Conventus Orthopedics,
Maple Grove, MN) was utilized. The technique in-
volves entering the radial aspect of the radius using
drill bits through a 2- to 3-cm radial incision that is
located approximately 3 cm proximal to the articular
surface. This is followed by preparation of the site for
the implant with the system’s reaming device in the
subcortical region of the distal radius. The implant is
then deployed into the prepared space of the distal
radius just proximal to the fracture. The device is
locked in its expanded position and ﬁxed to the radial
border of the radius with a small side plate and
screws. The ﬁnal step is the introduction of fragment-
speciﬁc, cannulated screws through the device, across
the fracture and into the far cortex.
Postoperative immobilization varied according to
the surgeon’s preference and the site’s standard of care
for distal radial fractures. Fifty-ﬁve patients under-
went no immobilization, 40 utilized a commercial
orthosis for 2 weeks, and in 5 patients, a cast was used
for 2 weeks. No patients received formal therapy but
were instructed to begin range of motion exercises as
tolerated.
RESULTS
Eighty-nine percent of patients were female with a
mean age of 68 years. Ninety-three percent were
right-handed, although the right and left wrists wereol. 41, August 2016
TABLE 1. Demographic Data
Characteristic Subjects
Age (y) n ¼ 100
Mean 68  12
Range 33e94
Gender
Female 89% (89 of 100)
Mechanism of injury n ¼ 100
Fall 96% (96 of 100)
Sports 2% (2 of 100)
Other (MVA) 2% (2 of 100)
AO classiﬁcation
A2 27% (27 of 101)
A3 37% (38 of 101)
B1 6% (6 of 101)
B2 5% (5 of 101)
B3 1% (1 of 101)
C1 19% (19 of 101)
C2 5% (5 of 101)
Fractured hand
Right 51% (51 of 100)
Left 49% (49 of 100)
Dominant hand
Right 93% (93 of 100)
Left 6% (6 of 100)
MVA, motor vehicle accident.
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FIGURE 1: The DASH score is seen to improve over 1 year with
the greatest improvement seen between the 2-week and the 4- to
6-week period.
INTRAMEDULLARY FRACTURE FIXATION 835fractured nearly equally. The AO classiﬁcation of
fractures seen included A2, A3, B1, B2, B3, C1, and
C2 (Table 1).Clinical outcomes
The DASH questionnaire was completed by all
patients at the time of injury with a mean score of 77.
At 2 weeks, the DASH had improved to a mean of
57, at 4 to 6 weeks to a mean of 37, at 3 months to a
mean of 21, and at 1 year to a mean of 9 (Fig. 1). The
PRWHE questionnaire showed similar improvement
in results with a decrease in a mean score of 74 at
the time of the fracture to a mean of 11 at 1 year
follow-up (Fig. 2).Adverse events
There were 2 patients reporting radial nerve com-
plaints after surgery. One of these patients was treated
with a neurolysis at 8 weeks. Both reported complete
resolution of symptoms at the 12-week follow-up.J Hand Surg Am. r VThree patients developed pain associated with prom-
inent screws during the healing period. All 3 patients
reported complete resolution of symptoms following
removal of 1 or more of the prominent screws after
fracture healing. None of the devices required removal.
Range of motion
Wrist ﬂexion and extension, radial and ulnar devia-
tion, and pronation and supination were measured
with motion expressed in terms of a percentage of the
uninjured extremity with the exception of the 1 pa-
tient with bilateral wrist fractures. Figure 3 shows
that, on average, ﬂexion and extension measured
about 50% of normal at 2 weeks and had improved to
about 75% of normal by 12 weeks. Radial and ulnar
deviation measured close to 60% at 2 weeks and had
improved to 78% by 12 weeks. Pronation and supi-
nation improved to 88% of normal at 2 weeks and
95% at 12 weeks. Range of motion continued to
improve up to 1 year, but the majority of improve-
ment was seen in the ﬁrst 12 weeks.
Radiographic evaluation
X-rays taken before surgery, immediately after sur-
gery, and at intervals up to 1 year were closely
evaluated. Table 2 illustrates that most fractures were
displaced with a loss of radial inclination and normal
volar tilt before surgery. There was also often radial
shortening as measured by increased ulnar variance.15
Coronal shift of the fracture was seen in some in-
stances. These deformities were all corrected back to
normal or near-normal anatomical parameters at the
time of surgery with some surgeons choosing, when
they could not get an anatomical reduction with
closed methods, to accept some radial shortening andol. 41, August 2016
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FIGURE 2: PRWHE score is seen to improve gradually over 1
year.
836 INTRAMEDULLARY FRACTURE FIXATIONlack of complete restoration of normal volar tilt
because of the patient’s age or compromised medical
condition. The reduction obtained and accepted at the
time of surgery was maintained throughout fracture
healing.
Early callus formation was seen at the fracture site
in 7.5% of cases at 2 weeks and in 87.5% of cases at
4 to 6 weeks. All fractures were healed at 12 weeks
(Fig. 4).DISCUSSION
Over the past decade, the operative management of
distal radius fractures has moved from dorsal plating
and fragment-speciﬁc ﬁxation to the widespread use
of volar plates for the reduction and treatment of
simple and complex fractures. Volar plating offers
several advantages over other techniques, including
visualization of the volar fracture fragments and ease
of plate application; however, complications such as
tendon rupture, transient nerve injuries, and post-
operative stiffness associated with plate placement,
screw placement, and pronator quadratus stripping
may occur.11e13,16,17
Intramedullary ﬁxation of distal radial fractures,
through a minimal approach utilizing a nail, has been
used with successful outcomes. However, this tech-
nique does not allow for screw ﬁxation of separate
fracture fragments to the nail construct and is best
reserved for simple A-type fractures.17e21
The intramedullary cage that has been shown to be
biomechanically equivalent to volar plates was
designed to be inserted in a collapsed state and then
expanded to ﬁll a spot created with a cavity preparation
device in the subcortical region of the distal radius just
proximal to the distal radial fracture.22 By inserting the
device in a collapsed state, the procedure may be less
invasive than traditional open plating. The device itselfJ Hand Surg Am. r Vis not intended to be used to reduce a distal radial
fracture but to stabilize the fracture once a reduction
has been obtained through conventional methods. In
this study, the device was not used for treating highly
comminuted fractures such as AO class C3.
The advantages of the technique presented here
include a small incision, minimal periosteal stripping,
intramedullary placement of the ﬁxation construct,
and the ability for the surgeon to choose the number
and direction of screws used to hold fracture frag-
ments to the construct.
The mean DASH and total PRWHE scores for all
subjects for whom 12-week follow-up was obtained
(n ¼ 73) were very similar, with both being reported
at 21. For those for whom there was follow-up of 1
year (n ¼ 47), mean DASH was 9 and total PRWHE
was 11. For both DASH and PRWHE, the biggest
improvement was seen in the ﬁrst 12 weeks following
treatment. These ﬁndings compare favorably with
reports in the literature and are similar to those
seen with other devices for distal radial fracture
ﬁxation.21,23e33
A total of 5 subjects (5 of 100; 5%) experienced an
adverse event related to the device and/or procedure.
Two subjects experienced radial nerve symptoms and
3 subjects reported tendon irritation associated with 1
or more of the fragment-speciﬁc screws. The symp-
toms resolved after removal of the prominent screws
in all cases. These adverse events are also seen with
all other forms of internal ﬁxation for distal radial
fractures, although the incidence of 5% for adverse
events associated with this device is lower than that
reported with other forms of internal ﬁxation.9e13 To
lessen the occurrence of radial nerve problems, we
now recommend that the self-retaining retractor used
in the radial incision be removed as soon as possible
during the procedure. To prevent problems associated
with prominent screws, we now recommend that a
cut-down incision be done in conjunction with
placement of each screw and that the head of each
screw can be buried in the bone.
In this series, there were no reported occurrences
of infections, device failure necessitating device
removal, or carpal tunnel syndrome. Such complica-
tions have been reported with other forms of internal
ﬁxation, ranging from 14% to 22%.9e13,18,34,35
Although there were no device removals in this
study, there have been cases in which the implant has
been removed. In Germany, health care practitioners
routinely remove metallic and other implants if they
are of no additional beneﬁt to the patient. The intra-
medullary device and screws have been removed up
to 444 days after insertion as requested by the patient.ol. 41, August 2016
FIGURE 3: A Range of motion of the injured wrist compared with the uninjured wrist improved with time in ﬂexion/extension.
B Radial/ulnar deviation. C Pronation/supination.
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TABLE 2. Radiographic Data
Statistic Preoperative Postoperative 2 Wk 4-6 Wk 12 Wk 12 Mo
Radial Inclination ()
Mean 16.5 19.9 19.6 19.6 19.7 19.7
Range 2e22 15e22 15e22 14e22 14e22 14e22
Volar Tilt ()
Mean* þ13.1 1.5 1.8 1.3 1.2 1.4
Range* 5 to þ38 5 to þ5 5 to þ6 5 to þ6 5 to þ6 5 to þ6
Ulnar Variance (mm)
Mean* þ1.5 þ0.1 þ0.5 þ0.5 þ0.4 þ0.5
Range* 2 to þ5 2 to þ4 2 to þ4 2 to þ4 2 to þ4 2 to þ4
Evidence of Fracture Healing
Baseline Postoperative 2 Wk 4-6 Wk 12 Wk
NA NA 7.5% (3 of 40) 87.5% (35 of 40) 100% (40 of 40)
* refers to degrees less than neutral and þ refers to degrees more than neutral.
FIGURE 4: A Two views of a dorsally comminuted, displaced, and angulated extra-articular distal radial fracture. B The expandable
cage and 2 fragment ﬁxation screws in place at the time of surgery. The arrows show the fracture line. C Early healing radially 4 to 6
weeks after surgery. The arrows show the fracture line with presence of callus formation. D Healing of the fracture (arrows) at 3 months
after surgery.
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INTRAMEDULLARY FRACTURE FIXATION 839In each case, the device was able to be removed
without causing additional damage to surrounding
tissues.
Radiographic follow-up in this study revealed that
the intramedullary device and fragment-speciﬁc screw
ﬁxation resulted in a stable fracture construct as evi-
denced by minimal or no change in position of the
postoperative reduction throughout healing (Table 2).
Full healing of the fracturewas seen in 100%of cases at
12 weeks as well as early signs of healing in 87% of
cases at 4 to 6 weeks. Because cavity preparation for
the implant essentially creates a bone slurry from the
intramedullary bone while removing no bone, it is
possible that an osteogenic milieu is created that con-
tributes to rapid fracture healing. Further study of this is
required.
The study shows that an expandable intramedu-
llary implant with fragment-speciﬁc screw ﬁxation
has been associated with satisfactory results and a
low complication rate when used for treating distal
radius fractures, with the exception of AO class C3
fractures.
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